Abstract
being developed for energy systems for which design methods illustrated in standards may be uncertainty with regards to the performance of the valves in safety critical applications such 48 as energy systems. The design of a control valve system is dependent on the requirements of the flow coefficient 19 of the system, which can be computed as [20] :
23
The structure of equation (1) 
where Q is the volumetric flow rate of the fluid passing through the control valve system, N 1 1 is a numerical constant, F R is the Reynolds number factor, F P is piping geometry factor, It can be noticed from equation (3) that the flow capacity of the control valve system is 23 directly proportional to the volumetric flow rate through the system and inversely
24
proportional to the square root of the differential pressure across the system. These values can 25 be measured both experimentally and numerically. It is noteworthy at this point that equation
26
(3) is valid only for Newtonian fluids and for non-vaporizing conditions.
28
The flow capacity of the valve body and the seat can be computed, for the valve considered in 29 the present study, as [21] :
and,
It should be noted that Cv Trim in equation (6) is the global flow capacity of the trim i.e. across 1 the whole trim, which can be determined both experimentally and numerically.
3
It can be seen in equations (4-5) that the flow capacities of the valve body and the seat 4 depend on their geometrical features, which is also true for the trim. However, the 5 interdependence of trim's local flow capacity and its geometrical features cannot be 6 established using conventional experimental methods. Hence, in the present study, this 7 interdependence has been established with the use of CFD based techniques. Firstly, the 8 global flow capacity of the trim has been measured experimentally. This is then compared 9 against the CFD predictions of the same. Then, in-depth analysis of the local flow capacity of 10 the trim, and various geometrical features of the trim, and at various valve opening positions,
11
has been carried out. Clean mains water is supplied to the centrifugal pump from the water storage tank, once the of the test programme is to determine the flow capacity of the control valve system in 17 equation (3), from which the flow capacity of the trim can be computed as per equation (6) .
18
The tests have been conducted at valve opening positions of 100% (fully open), 80%, 60%,
19
40%, 20% and 10% in order to cover a wide range of operation of the control valve.
The experimental data for the aforementioned test runs is tabulated in features.
20
A valve trim is a geometrically complex structure, consisting of stacks of disks, where each In order to determine the local flow capacity within a trim, Cv needs to be calculated in disks, simultaneously, the flow capacity of a trim can be computed, in terms of disks, as:
where i is the total number of disks in the trim, which in the present study is 11. The structure 11 of equation (7) is typical of the flow in disks in parallel.
13
Each disk consists of a number of rows, formed by the cylindrical arrays. As the flow 14 propagates through the rows predominantly in radial direction, the flow capacity of the disk, 15 in terms of rows, can be represented as: where j is the total number of rows, which in the present study is 5. It can be noticed that the 20 structure of equation (8) is that of flow in series.
22
Each row consists of a number of flow paths through which the flow can take place. The represented, in terms of flow paths of that row, as:
where k is the total number of flow paths within that particular row. k is variable in the 4 present study. Its value is 7 for odd number of rows, and 8 for even number of rows.
5
Combining equations (7-9), Cv Trim can be expressed as:
) (10)
Cv Flow-Path in equation (10) can be computed using equation (3), however, the volumetric flow rate (Q) and the differential pressure (ΔP) in that case will be across the flow path, and not the 11 whole trim. Q and ΔP across individual flow paths cannot normally be measured 12 experimentally; hence, the flow capacity of the trim in equation (10) ). Hence, the mesh layers are concentrated in the log-law region.
23
The inlet and outlet boundaries of the flow domain have been specified with total and static 
Verification of CFD results

4
In order to ascertain the accuracy of the numerical modelling and the solver settings used in 5 the present study, CFD predicted results need to be verified against the experimental findings.
6
In the present study, this has been carried out on Cv Trim , tabulated in In order to establish the relationship between flow area ratio and the pressure variations however, from row 3 to row 4, the differential pressure increases, instead of the decreasing 13 trend seen till row 3. From row 4 to row 5, the trend is similar to that observed upto row 3. respectively. It can be noticed that the total local flow capacity of the 3 rd row is minimum amongst the different rows of the disk; hence row 3 is contributing the least towards the 1 global flow capacity of the trim. This is because row 3 is offering the most resistance to the 2 fluid flow within the trim, as compared to other rows, due to its effective flow area. The 3 increased resistance in row 3 increases the flow velocity within this row, hence increasing 4 trim erosion. Further analysing the pressure variations within the middle and the bottom disks of the trim, However, in case of the bottom disk, the differential pressures are significantly higher than 10 for the top disk. Moreover, it can be clearly seen that the differential pressure in row 3 of the 11 bottom disk is substantially more than in the 3 rd row of the top disk. Another important point 12 to note over here for the bottom disk of the trim is that although it depicts lower pressure as can be seen that as the valve opening position increases (from 0.1 to 1), local Cv decreases.
10
Substituting equation (12) in equation (10), as the VOP increases, Cv Trim also increases.
11
Furthermore, it can be seen that as the disk number increases i.e. going from the bottom disk flow capacity of the trim is due to the fact that for the same differential pressure across the 2 control valve system, the mass flow rate of the fluid decreases, increasing the flow capacity.
3
The decrease in the mass flow rate is a direct consequence of the decrease in the valve 4 opening position, offering more resistance to the flow.
6
The current study uniquely relates the local flow capacity, and hence, the local flow features, 
